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major features of the human head are: 
The seals 

This is a firm, fibrous, elastic layer with great 
energy absorbing characteristics. Of particular 
importance is the fact that it is not attached firmly 
to the sKull, but because of being -fixed only at the 
periphery, it may move on the sfcull by distances of up 
to one centimetre thus absorbing considerable amounts 
of energy before it begins to tear. In impacts 
perpendicular to the surface of the head, its fibrous 
elasticity allows compression and energy absorption. 

The skull 

The human skull is composed of two layers of dense, 
compact bone -sandwiching" a layer of spongy 
cancellous bone (Fig. 1) . This provides a hard 
surface for energy dissipation and absorption whilst 
allowing a degree of compression or crushing of the 
cancellous bone with more energy absorption The 
cancellous bone may also allow a degree of distortion 
before any fracture occurs. 

t ^a cer °^"-spinal Fluid 

The fluid surrounding the brain acts as a further 
energy absorbing element, cushioning the brain in 
movements within the cranium. Lateral blows or 
impacts project the brain towards the cranium and the 
displacement of the incompressible cerebrospinal 
fluids acts as a decelerating force. 

in one aspect the present invention provides 
protective headgear comprising: 

a shell having an inwardly facing surface which 
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within the ,sac and preferably the compartments or 
cells are interconnected with flow regulating 
passages . 

in a preferred embodiment en intermediate leyer Is 
interposed between the hard shell end the outer leyer, 
L intermediate layer facilitating relative movent 
between the shell and outer layer. The mtermediate 
iayer may be incorporated integrally in the outer 
membrane. The intermediate layer may comprise a 
friction reducing materiel or lubricant agent whrch 
facilitates the movement between the outer leyer end 
he helmet shell. 

The membrane preferably overlies the entire outwardly 
facing surfaces of the shell and is preferably 
impervious to moisture. 

In further embodiments of the invention, the headgear 
can additionally comprise acoustic or visual 
protection means and the headgear can also include 
ventilation means to improve comfort. 

in this specification it should be understood that the 
words outer and inner are used to specify position 
relative to the hard shell of the headgear. 

In a second aspect the present invention provides 
protective armour comprising: ...... 

a first layer of material of a first flexibility 
having a first surface which in use is presented to 
receive impact blows, and 

a membrane which overlies at least a portion of 
the first surfac of the first layer and which is more 
flexible than the first layer of material wherein 

the protective armour is constructed in such a 
way that when a force is applied to an outwardly 
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crises high density foam- 

Preferably the membrane comprises , ^ 

preferably the membrane, 
„,« between the first lay movement 
r^ste iayer facility « , 
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the intermediate lave layar has a first 

A1 ternatively the interm ^ ^ , """ first 

surface which can abut th =e of ^ tl rs 

surface which can abut the fir 

layer of materia! the irst^ _ ^ coef£loien t 
the intermediate laye 



of friction. 

h £ irst layer of material comprises 
Preferably the V ai 

carbon fibre composit 

r can be used as body armour. 
The protective armour can 

- th pres nt invention 
+ n a third aspect, m * fi . rs t and 
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chin restraint and the second strap can pass around 
the lower part of the back of the head of the user to 
act as an occipital restraint. 

The present invention further provides a method of 
edifying existing protective headgear wherein a 
m embrane is attached to the remainder of the headgear 
to overlie at least a portion of the original outer 
surface of the protective headgear so as to provide 
new outer surface for the protective headgear, the 
m embrane being attached to the remainder of the 
h eadgear in such a way that when a force is applied to 
the outer surface of the membrane which acts to rotate 
the protective headgear the force can cause the 
membrane to move relative to the remainder of the 
headgear- 

The present invention additionally provides a method 
of modifying existing protective armour wherein a 
m embrane is attached to the remainder of the armour to 
overlie at least a portion of the original outer 
surface of the protective armour so as to provide a 
new outer surface for the protective armour, the 
membrane being attached to the remainder of the armour 
in such a way that when a force is applied to the 
outer surface of the membrane which acts ^^J 0 
the membrane, the force can cause the membrane to move 
relative to the remainder of the protective armour. 

Preferred embodiments of the invention will now be 
described with reference to the accompanying drawings 
in which: 

Figure 1 illustrates the structur of the human skull; 

Figures 2a and 2b illustrate chin straps for headgear 
according to the invention; 
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qualities. This could be achieved by treatment of the 
material or by the super imposition of a thin but 
durable layer or by both methods. 

To reproduce the energy absorbing qualities of the 
scalp the attachment of the outer energy absorbing 
compressible layer 11 to the hard shell 10 is 
critical. It will be bonded to the hard shell 10 of 
the helmet around the edge of the hard shell 11, in a 
way chosen in dependence on the physical 
characteristics of the materials chosen for the 
headgear. The layer 11 will be bonded only at the 
edge of the hard shell 10 in order to allow relative 
motion between the outer energy absorbing layer 11 and 
the hard shell 10 in order to mimic the protective 
movement of the scalp. The outer layer 11 can stretch 
to allow relative motion. A lubricant 12 between the 
energy absorbing layer and the shell may be 
beneficially used. 

It is preferred that the hard shell 10 itself is a 
sandwiched material with hard outer layers sandwiching 
a deformable inner layer, otherwise a single layer 
material of plastic, fibreglass or other appropriate 
material will be used but with hardness and 
deforroability characteristics matched to the new 
construction and yielding optimum protection on 
standard or newly developed testing. 

To mimic the fluid suspension provided by the cerebro- 
spinal fluid, a flexible sac 13, filled with an 
appropriately viscous liquid will be bonded to the 
inner surface of the hard shell 10. Since fluid in a 
unicellular sac would gravitate to the brim, 
compartmentalisation will be necessary and to allow 
displacement under impact. Flow control mechanisms 
between compartments will be included to control flow 
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,. The flow control mechanism 
b .tw..n the compartments. Mtw ..„ compartments in 
wiU not allow tlov - o «» o£ ^ betu£e n 
normal use, hut will ^ ^ su „ ject to .„ impact 
co.part.ents compartments allows 
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weakness hreaKin, to form oondit ions. An 

thus to allow flow of flu I ^ pack „ type 
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within the shell 31 (e.g. a 

of the shell " 
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intermediary band 60 of a compliant material. An 
epoxy adhesive is used to bond the intermediary band 
60 to the inner surface of the shell 31 around the 
lG wer edge. The intermediary band 60 is adhered to 
the inner surface and then extends down around the 
lower edge and then upwardly around the exterior of 
the lower part of the shell 31. The outer membrane 30 
is adhered by an adhesive to the part of the 
intermediary band that overlies the outwardly facxng 
lower edge of the shell 31. The intermedxary band 60 
will be made of a material of greater compliance than 
the outer membrane 30. The membrane 30 xs attached to 
the shell 31 only via the intermediary band 60 and 
thus the remainder of the membrane 30 xs free to move 
relative to the underlying shell. Both the membrane 
30 and the intermediary band 60 can stretch on 
application of a force to allow relative motxon 
between the membrane 30 and the shell 31. 

A layer 32 of a lubricant gel is enclosed between the 

m embrane 30 and the shell 31 and this 

relative movement between the membrane 30 and the 

shell. 

A further embodiment of helmet is illustrated in 
Figure 7. In this embodiment an outer membrane 40 of 
polyethylene is attached to the interior of a glass 
fibre shell 41 via an intermediary band 61 adhered to 
the bottom edge of the interior of the glass fibre 
shell 41. The membrane 40 is attached to the shell 41 
only via the band 61 thus the membrane 40 is otherwxse 
free to stretch and move relative to the shell 41. 
The band 61 is composed of a material which is more 
compliant that the outer membrane 40 and also 
stretches to allow relative motion. The r-Utxv. 
m ovement is assisted by the interposition of a PTPE 
layer 42 between the membrane 40 and the sh 11 41, 
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, the PTFE layer having a low 
thc surfaces of the Fit 
coefficient of friction. 

An actional ^^T^""^ " 
F igure S. m this * " ~ 

ethylene vinyl *° * J pUs tic (GBP) =nell 51, 

interior of a ^""^f.Lectly to the interior 
the membrane 50 being adher faci „ 9 
hottom edge of the shell 5 ■ ^ reduce the 

surface of the membrane ^ 
coefficient of friction of th ^ also 

outwardiy f»cin 5 01 * o£ fiction of the 

treated to reduce only cached to 

surface, since the »«*™« th . „ e mbrane 50 is 
the shell 51 at the lower edge, ^ ^ 

£r ee to stretch and move relative ^ ^ 

— ~ ^ 50 and the shell 51. 

abutting surfaces 

. , ur£aC e of the membrane 50 and the 
Th e inwardly facing surface ^ ^ ^ ^ 
outwardly facing surface ^ ^ dispense 

erob odiment can incorP rat^^ ^ ^ a3 . 
with the need for an 
lubricant gel- 

for the outer membrane 

end silicon foamed rubber. 

.«, out on embodiment, of helmet 
Testing has been earned out ^ ^ standard 

according to the »«*"-^ - a nd then another of 
IU 11 faced GHP -^^et was modified by covering 
the same type of GRP hrt-t ce ulth the 

the helmet with a membrane, l ^ ^ ^ ,„„ ul th 

, inn Each helmet was n*- dropped on to 

invention. b acce ierometers and then dro PP 
an array of nine accel surface comprising 

a test anvil with an impact 
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aluminium oxide paper. 80 grit. The 

uas 8.5 m/s and the impact site on the right or left 

hand side ot the helmet. 

very significant reductions were achieved in the 
naximum tangential force ON the head form in the 
helmet, also a moderate decrease in the maximum 
linear acceleration forces were achieved. 

The combination of materials for the headgear will be 
chosen bearing in mind that the sound in 
qualities of the combination may represent a hazard 
sotorcycle or cycle applications. It is always 
possible to provide perforations in the ear area of 
the headgear. 

in military/aeronautical applications ^ 
m aterial or earcups would provide noise protection and 
TdditioL protection against lateral .lows which tend 
to cause fractures of the base of the skull. Also 
visual protection and enhancement devices could be 
incorporated in the helmet and also respiratory 
devices such as gas masks and air purifiers. The 
illustrated embodiment in Figure 3 has a fittxng band 
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Since the heat insulation qualities of the 
helmets could be high if certain material combrnatrons 
are chossn. provision must be made for ventilation xn 
appropriate weather conditions, ml.t and outlet 
ports will be provided with variable control of the 
air inlet and consideration will given to the 
provision of ventilation ports on the vertex in 
applications where there is no generated arr flow. 

X„ many accidents, particularly in industrial mishaps 
involving a fall, the helmet is flung off. The 
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and the application, the ^ shoun in 

strap 15 joined to form chin P ^ ^ o£ 
Fi9 ure 2a or a sinal .strap 17.1 ^ ^ 



shown in Figure 2b. 



„f Fiaure 3 are shown in 
Modifications of the OBit3 the 

Fl ,ur.s 2a and 2b. .on. o£ plastic 

£1 exible sac 12 and comprise ^ two ^ ^ 

foam, in combinatxon wxt h a poly V 5 where 

both outside the po lystyren line ^ outside 

tvo la yers o £ Plastic cam ^ ^ the oth er 

a polystyrene liner "> n , where one 

in .id. the P^^^side a polystyrene liner 
iayer o £ plastic foa. 2 x ^ ^ the 

M and on. IMP* These to., layers can be 

polystyrene ^ » . ^ inations o£ ^ and highe r 

either low density or 
density foams. 

severe head injuries ^ » «^ ^n*"* """ 
of current protective "»^ e " ^ aBO untin, to 
industry involve natxoh.1" 

billion, of dollars. » a « o£f; similarly 

from fall, m which es res ultina 

there are still many motor cy ^ those 

design of head protection. 

t therefore, will he achieved by 
A major improvement, theref 
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conversion of existing hard hat to hats with soft 
outer skins according to the invention, preferably 
with the provision of effective retention systems 
soft covers and new retention systems designed for 
attachment to existing headgear are included in the 
scope of the invention. 

WnUst above the present invention is described with 
reference to its use for protective headgear, the 
invention can also be applied to protective armour, 
such as body armour. The same principle of usmg an 
overlying membrane can be used. Shown in Figure 6 is 
protective armour in the form of a breast plate 100 
Lch can be worn in front of a user secured by straps 



101. 



The breast plate 100 comprises a first layer 102 made 
of fibre glass (or carbon fibre, a metal or a plastic) 
which has a first surface 102A in use is presen ted to 
receive impact blows. The armour has also a compliant 
elastic membrane 103, for instance of closed cell 
plasticised Polyvinyl Chloride (or of P" 1 ^ 1 ™' 
ethylene vinyl acetate co-polymers, cross linked high 
density polyurethane foam or silicon foamed rubber 
This membrane in use overlies the first surface 102A 
of the first layer 102. The membrane 103 is more 
flexible than the first layer 102 and is compressible 
and elastic and can absorb energy when compressed. 

The membrane 103 is connected to the first layer 102 
by an intermediary band 104 of an elastic material. 

The intermediary band 104 is adhered around the edge 
of a face 102B of the first member 102 (the face 02B 
facing in the opposite direction to the fac 102A) . 
The intermediary band 104 extends around the edge of 
the first member of the 102 and overlies an edge 
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,o2A The intermediary band 
portion of the surface 102 on the 

P 104 is only adhered to the ^ ^ ^ 
sur£ a=e X02B ' lnte rmedi»ry hand 10.. 

around its periphery 

US of lubricant ,el is included 
„, intermediary layer 105 o ^ T 102 an „ 

between the membrane 101 and ^ ^ layer 

facilitates relative motion b a ^ 

U not essential and leieI)t of friction 

la yer of a material^ a 1 ^ . lubri cant 

^ ^ort^ into the inner surfaoe of 
membrane 103. 

Th e protective armour i= '^M^*'^ 
th at when a force is appl ^ co mponent 

surface of the membrane 103 ^ ^ cause 

the membrane 
102- 

t ,„ also provides a method of 
*» Present ^^"^/comprisin, providin, 

ra0 difyin, p«";";; cover an p»~ 

"soft" outer skin ^« 
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CTAIMS 

1 protective headgear comprising: 

a shell having an inwardly facing surface which 
in use faces the head of a user of the headgear and an 
outwardly facing surface which in use faces away from 
the head of the user, 

an outer membrane which overlies at least a 
portion of the outwardly facing surface of the shell 
and which is more flexible than the shell, wherein 

the protective headgear is constructed in such a 
way a force applied to an outer surface of the 
headgear which acts to rotate the headgear and the 
head of the user can cause the outer membrane to move 
relative to the shell. 

2 Protective headgear as claimed in claim 1 wherein 
the outer membrane is compressible and elastic and the 
outer membrane can compress in response to a force 
applied to the headgear to thereby absorb energy. 

3. Protective headgear as claimed in claim 1 or 
claim 2 wherein the outer membrane is elastic. 

4 . Protective headgear as claimed in any one of the 
preceding claims wherein the outer membrane is 
connected to the remainder of the protective headgear 
along a lower edge of the protective headgear and the 
membrane can extend to allow relative motion between 
the membrane and the shell. 



5 Protective headgear as claimed in claim 4 wherein 
the outer membrane is connected to the remainder of 
the headgear only via an elastic intermediate member. 

6. Protective headgear as claimed in claim 5 wherein 
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the elastic intermediate member Is -ere compliant than 
the outer membrane. 

7 Protective headgear as claimed in any one of the 
Receding claims wherein the membrane comprises closed 
cell plasticised polyvinyl chloride. 

8 protective headgear as claimed in any one of 
claims 1 to 6 wherein the membrane comprises 
polyethylene. 

9 Protective headgear as claimed in any one of 

to 6 wherein the membrane comprises ethylene- 
vinyl acetate co-polymers. 

10 Protective headgear as claimed in any one of the 
Preceding claims wherein the shell comprises a carbon 
fibre composite material. 

H Protective headgear as claimed in any one of the 
preceding claims comprising additionally a layer of 
Incompressible fluid located in use between the shell 
and the head of the user and encapsulated in 
flexible sac. 

U Protective headgear as claimed in claim 11 
herein the flexible sac containing the -pre.slbl. 
fluid is compartmentalised into a plurality of 

prints and the flexible sac comprises connection 
„eans connecting each compartment to at least one 
other compartment, the connection means being opera 
to orevent flow of fluid from one compartment to 
rther until an impact on the protective headgear 
exceeds a threshold value at which point the 
connection means allows flow of fluid between the 
chambers . 
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13 . Protective headgear « 
wh er.in the inco.pressi.le flux x a <1 
resists flow between compartments in 
motion of the shell. 

- — rzzz i-ir. -/or 

the head of the user. 

- — the 

preceding claxms th . m emhrane. the 

r.rr,tr I::: r - — 

between the membrane and the shell- 

16 . Protective headoear as claimed in clai* 15^ 

wherein the intermediate layer xs a layer 

material. 

wherein the intermedxate layer ^ 

uhi ch can ahut the ~-~«- surfaces 

can abut the shell and the fxrst an 
each have a low coefficient of frxctxon. 

»• — e he r.rn "etrr="rir.: tr 

19 . protective ^T"^^^^. 
vherein the membrane xs xmpervious 

... protective header as claimed in any - of 
cl ai»s X to x. comprxsxn, 1^ 
resistant outer covering overlayxng 
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„ flr as claimed in any one of the 
21 . protective 38 additionall y acoustic 

preceding claims comprising 
protection means. 

„. ~«~- " »■>" 

means. ^ ^ e 

„. Protective headgear as ^^^'cLHecurin, 
preceding claims comprl.in «^ ^ head of the 

„. Protective «^ . first fl.xihil"V 
a first layer of materi prese nted to 

■ „ . first surface which in u 
having a tir» 

receive impact blows, and ^ portlon of 

. memhrane which over! es at ^ ^ u „„. 
the first surface of the first , ^ 
£1 exihle than the constructed in such a 

the protective to an outwardly 

way that when a force is appl ^ M! . 

£a eing surface J^tUdly facing surface 

rre rr. 1 ^ memhrane to move relative to 
the first layer of material. 

mo ur as claimed in claim 26 wherein 
„. Protective armour as and can 

u^ane is compressiDxe 
the membrane i» r 

when compressed, 
absorb energy wnen 

„. Protective armour as claimed in claim „ or 
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claims 26 wherein the membrane is connected to 
remainder of the protective armour by elastic 
connection means which can extend to allow relative 
roo tion between the membrane and the fxrst layer. 

28 Protective armour as claimed in any one of claims 
25 'to 27 wherein the membrane comprises closed cell 
plasticised polyvinyl chloride. 

29 Protective armour as claimed in any one of claims 
25 *to 27 wherein the membrane comprises polyethylene. 

30 Protective armour as claimed in any one of claims 
2 5 'to 27 wherein the membrane comprises ethylene-vmyl 
acetate co-polymers* 

31 protective armour as claimed in any one of claims 
25 'to 30 which comprises a layer intermediate between 
the first layer and the membrane, the intermediate 
layer facilitating relative movement between the 
membrane and the first layer. 

32 protective armour as claimed in claim 31 wherein 
t^e intermediate layer comprises a lubricant material. 

33 Protective armour as claimed in claim 31 where 
intermediate layer has a first surface which can 

It the membrane and a second surface whxch can abut 
the first surface of the first layer of matenal, the 
t irst and second surfaces of the intermediate layer 
each having a low coefficient of friction. 

34 protective armour as claimed in any one of claims 
2 5 ' to 33 when the first layer of material comprises a 
carbon fibre composite material. 

35 . protective armour as claimed in any one of claims 
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25 to 34 for use as body armour. 

can pass under th. ^ aroun d the 

restrai n t ana «. secon s« P- ^ _ ^ ^ 
lower part of the bacK or 
as an occipital restraint. 

37 . a method of modifying ^J^TZ 
hea dgear wherein a -""^^ leas t a 
remainder of the headgear to overl- 

portion of the -^J^^. ne w outer 
protective headgear so as to pro ^ 

^ fnr the protective headgear, 
surface for the pr of tne headgear in 

being attached to the remainder ^ outer 

sUC h a way that when a ^£ ^ 

surface of the membrane whic acts ^ 
protective headgear ^^'^ reroainde r of the 
the membrane to move relative t 



headgear. 



ou «r surface « the prot ec*ive araour. 

pro vlce a — '„ th . r e»incer of the 
th . „. B brane h.in u applied to 
araour In such a way tna ^ 

of the protective armour. 
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